Lack of enzyme activity in GBA2 mutants associated with hereditary spastic paraplegia/cerebellar ataxia (SPG46).
Glucosylceramide is a membrane glycolipid made up of the sphingolipid ceramide and glucose, and has a wide intracellular distribution. Glucosylceramide is degraded to ceramide and glucose by distinct, non-homologous enzymes, including glucocerebrosidase (GBA), localized in the endolysosomal pathway, and β-glucosidase 2 (GBA2), which is associated with the plasma membrane and/or the endoplasmic reticulum. It is well established that mutations in the GBA gene result in endolysosomal glucosylceramide accumulation, which triggers Gaucher disease. In contrast, the biological significance of GBA2 is less well understood. GBA2-deficient mice present with male infertility, but humans carrying mutations in the GBA2 gene are affected with a combination of cerebellar ataxia and spastic paraplegia, as well as with thin corpus callosum and cognitive impairment (SPastic Gait locus #46, SPG46). To improve our understanding of the biochemical consequences of the GBA2 mutations, we have evaluated five nonsense and five missense GBA2 mutants for their enzyme activity. In transfected cells, the mutant forms of GBA2 were present in widely different amounts, ranging from overabundant to very minor, compared to the wild type enzyme. Nevertheless, none of the GBA2 mutant cDNAs raised the enzyme activity in transfected cells, in contrast to the wild-type enzyme. These results suggest that SPG46 patients have a severe deficit in GBA2 activity, because the GBA2 mutants are intrinsically inactive and/or reduced in amount. This assessment of the expression levels and enzyme activities of mutant forms of GBA2 offers a first insight in the biochemical basis of the complex pathologies seen in SPG46.